Background Little is known about whether educational gradients in smoking patterns can be explained by financial measures of socioeconomic status (SES) and/or personality traits. Purpose To assess whether the relationship of education to (1) never smoking and (2) having quit smoking would be confounded by financial measures of SES or by personality; whether lower Neuroticism and higher Conscientiousness would be associated with having abstained from or quit smoking; and whether education effects were modified by personality. Method Using data from the Midlife Development in the US National Survey, 2,429 individuals were classified as current (n = 695), former (n = 999), or never (n =735) smokers. Multinomial logistic regressions examined study questions. Results Greater education was strongly associated with both never and former smoking, with no confounding by financial status and personality. Never smoking was associated with lower Openness and higher Conscientiousness, while have quit was associated with higher Neuroticism. Education interacted additively with Conscientiousness to increase and with Openness to decrease the probability of never smoking. Conclusions Education and personality should be considered unconfounded smoking risks in epidemiologic and clinical studies. Educational associations with smoking may vary by personality dispositions, and prevention and intervention programs should consider both sets of factors.
Introduction
Tobacco smoking is a leading preventable cause of excess morbidity and mortality across the life course [1] . Lower socioeconomic status (SES), often operationalized through education level, is associated with higher rates of smoking and lower rates of cessation [2] [3] [4] [5] [6] . Although education represents a commonly used SES indicator in health research [7, 8] , one uncertainty is the extent to which educational gradients in smoking status can be explained by other SES indicators such as household income or wealth. The distinction is important because it speaks to whether education itself plays a role in smoking patterns. In other words, is education a critical factor because it involves more access to and/or better ability to process health information? Such advantages may lead to better health decision making. Or is education merely a proxy for material resources, which promote smoking cessation through purchasing power for stop smoking programs and aids, and/or confer membership social strata with less temptation to initiate smoking? A secondary SES question is whether education mediates associations between childhood SES and smoking patterns in adulthood.
In addition to education, at least two of the so-called "Big Five" personality factors [9, 10] appear powerfully associated with smoking behaviors: Neuroticism (involving distress proneness and worry) may be higher and Conscientiousness (involving reliability, diligence, and achievement striving) lower in smokers compared with non-smokers [11, 12] . A pair of meta-analyses recently also found that Neuroticism is linked to smoking both in the US and other countries [13, 14] . Former smokers-or those who have initiated smoking but successfully stoppedshow intermediate levels of Neuroticism and Conscientiousness [11] . Some findings also indicate that non-smokers show higher Agreeableness (or altruism, trust, and friendliness) than smokers [11] , and mixed findings have been reported for Extraversion (or sociability, vigor, and positive affect) [12] and Openness to Experience (interest in novel ideas and behavior) [15, 16] . The Big Five describe the dispositional tendencies of individuals who are susceptible to smoking initiation and maintenance, as well as hinting at psychosocial process involved (i.e., those with higher levels of Neuroticism may smoke to alleviate emotional distress).
A divide exists, however, between SES-oriented or social epidemiologic approaches to smoking investigation and those focused on individual personality risks. The former rarely measured personality, and the latter rarely consider comprehensive indicators of SES and the role socioeconomic inequalities may play. These two strains of research arise from different disciplinary traditions (social epidemiology vs. epidemiologic personology) with distinct foci (societal inequalities vs. individual disposition) and theories of health behavior (sociological or economic vs. psychological). Yet individual differences in personality operate in conjunction with socioeconomic forces on an everyday basis to determine health behaviors [17] necessitating a better understanding of conjoint SES and personality influences on smoking.
The education-personality interface reveals the extent to which social stratification overpowers individual personality determinants of smoking, vice versa, and/or the degree to which the two interact. Three theoretical models may describe the conjoint roles of personality and education in smoking. First, correlated risks models [18] suggest that SES and personality risk for negative health outcomes cluster in the population. Personality may therefore explain some between-strata SES risk. The cultural-behavioral model suggests that SES influences individual personality configurations that, in turn, influence smoking status; this formulation implies a mediating role for personality [18] . An alternative correlated risk model, indirect selection, holds that personality causes both SES and smoking status, implying a confounding role for personality [19] . However, some work suggests reciprocal interrelationships between personality, education, and other components of SES over the lifespan [20] [21] [22] [23] [24] [25] . For this reason, life-course perspectives on social inequalities suggest that SESpersonality risk clustering would be due to mutually reinforcing reciprocal influences between SES and personality over time [19] . Few studies have the data to quantify the bidirectional causal influences between personality and SES over time, so the most reasonable interpretation of cross-sectional associations may be that they are products of such life-course processes.
Alternatively, personality and SES may be relatively independent risks for some health outcomes. We call this the compensation-accumulation model. It is so named because the risk of smoking associated with social disadvantage may be compensated for by a healthadaptive personality profile, and the protection conferred by social advantage may be offset by the dispositional proclivities toward smoking. Another implication of the independence of SES and personality is that social disadvantage combined with personal propensities toward health-destructive habits represent cumulative risk, while social advantage combined with health-adaptive personality tendencies represent cumulative protection against healthdamaging habits. The compensation-accumulation therefore explains within-strata heterogeneity in smoking or why individuals of similar education levels may or may not smoke because of dispositional tendencies.
A final theoretical possibility is that personality traits modify the effects of education on smoking. This has been called a vulnerability model [26, 27] and suggests that personality traits predispose individuals to perceive and respond to similar environmental demands in different ways, with potentially important consequences for socioeconomic gradients in health [28] . In other words, educational level may influence smoking status differently, depending on individual disposition. As personality traits have a partially genetic basis, interactions between traits and social environmental features may also represent "downstream" or distal results of gene-environment interactions [17] .
The present investigation examined evidence for these three models in the Midlife Development in the US (MIDUS) National Survey. The survey involves a wide age range of adults in the USA (aged 25-74 years) [29] , thus maximizing representation of three distinct smoking classifications: (1) Never smokers, or those who have completely abstained from smoking; (2) Former smokers, or those who had smoked regularly at some point in their lifetime but quit; and (3) Current smokers, or individuals actively smoking.
Method

Participants and Design
The MIDUS study was conducted in 1995 by the John D. and Catherine T. MacArthur Foundation and has been described extensively elsewhere [29] . It included a number of studies and sub-studies; the data here are from the national probability sample. The survey was duly approved by ethical oversight boards and examined social, behavioral, and psychological factors associated with health through a phone interview and a mailed questionnaire. The national probability sample recruited non-institutionalized, Englishspeaking adults aged 25-74 years (younger and older persons included for comparisons to midlife) using random-digit dialing. The response rate to sampling was 70%, with 4,244 persons completing at least the phone interview portion of the study. Of these 4,244, 87% returned an accompanying mail survey with at least some part completed. Of these persons, 2,235 individuals had complete data on all variables and 194 individuals with complete data on all variables except wealth, who were also utilized, resulting in an analysis sample of 2,429 persons. The greatest portion of missingness was due the outcome variable, smoking. Although sampling weights exist for the study, they did not exist for each of these 2,429 persons. As sampling weights must not only be available for all people but also add to 1 in order to properly calibrate a sample back to the desired reference population, we did not use them.
Instruments
Never, former, and current smokers were determined based on responses to two survey questions: "Have you ever smoked cigarettes regularly, that is, at least a few cigarettes every day?" and "Do you smoke cigarettes regularly NOW?" Individuals answering no to the first were classified as never smokers. Individuals who answered yes to the first and yes to the second were classified as current smokers and those answering yes to the first and no to the second as former smokers.
Non-education SES indicators were (1) parental occupational status measured via Duncan's Socioeconomic Index (SEI) based on 1980 US Census (the highest SEI of mother or father) and standardized to a mean of 0 and SD of 1 according to the overall sample for purposes of interpretability; (2) annual household income; and (3) wealth (assets minus debts, with positive values equaling some assets, 0 meaning assets equaled debts, and negative values indicating debt). For 194 individuals who had partial assets data indicating some assets or debt but not specific amounts, we used regression imputation based on education, age, gender, race, and occupational status. Household income and wealth were scaled in $10,000 units for interpretability.
Measuring education in years offers the benefits of an interval scale but assumes that each year increment conveys equally meaningful information. The alternative of measuring a few categories such as high school or college uses meaningful markers but may obscure potentially important gradations between categories and lose information at the extreme ends of the educational spectrum. The MIDUS survey therefore featured an educational scale combining the desirable qualities of both approaches composed of 12 intervals corresponding to sequential educational milestones (enumerated in Table 1 ).
The Big Five personality traits were assessed with the Midlife Development Inventory Big Five scales [30] composed of four to seven trait terms for each of the Big Five. Respondents rated how well each trait described them on a four-point Likert scale from "A lot" to "Not at all", with scale scores averaged across items. These scales were developed from a pool of established Big Five trait adjectives [31] by selecting the smallest number of items that accounted for 90% of the variance in total scales scores in an initial scale development sample based on item-total correlations, regression-based selection, and high-factor loadings [30] . Factor analyses conducted during scale construction indicated that these adjectives reflected their intended Big Five latent dimensions [30] . Cronbach's alpha estimates of internal consistency for each scale were: Neuroticism, .74; Extraversion, .78; Openness to Experience, .77; Agreeableness, .80; and Conscientiousness, .58. Scale scores were standardized to a mean of 0 and standard deviation of 1 based on the overall sample for interpretability.
Demographic covariates consisted of gender (male=0, female=1), age, and race/ethnicity (one indicator variable for African American and one for other race, Caucasian reference category).
Analyses
Analyses consisted of a series of multinomial logit models. These models are similar to typical logistic regression but allow for more than two outcome categories. The antilogs of estimated parameters are called relative risk ratios (RRRs). Relative risks (RRs) are ratios of probabilities, such as the probability of current smoking over the probability of never smoking. RRRs are ratios of RRs: for instance, a numerator that is the probability of current smoking over never smoking in women, over a denominator that is the probability of current smoking over never smoking in men. We were interested in distinguishing both lifetime abstinence and former smoking from current smoking, so current smoking was designated as the "base outcome" against which lifetime abstinence and lifetime cessation were contrasted. RRRs with values above 1 indicate the percent increase in RR for the outcome category of interest vs. the base category associated with a one-unit increase in the independent variable (IV). RRRs below 1 indicate the percent decrease in RR associated with a one-unit increase in the IV. If one wants instead to know the risk associated with a one-unit decrease in an IV that is protective (i.e., RRR below 1), the inverse of the RRR can be taken.
We began with a model (model 1) involving demographic covariates and childhood SES. Model 2 added education, model 3 added household income, and model 4 added personality traits. At each step, we examined whether odds ratios changed by more than 10% to evaluate the potential confounding effect of financial variables and personality on education and education upon childhood SES. This method of assessing confounding is called the "change in estimate" criteria [32] . When estimates shift due to the inclusion of a covariate, it means that the covariate is related to both the IV of interest and the outcome. The 10% change criteria is a typical benchmark for confounding in public health research [32] , and when dealing with RRRs and similar risk estimates, the determination is made by taking (RRR of model 1-RRR of model 2)/(RRR of model 1-1). Next, we examined multiplicative interactions by testing product terms between each of the Big Five and education, one at a time. For each of our two outcomes of interest, RRR of never smoking and RRR of former smoking, we controlled type I error inflation from multiple interaction tests by application of the false discovery rate (FDR) [33] . We tested additive interactions using recently published methods for continuous variables [34] . Additive interactions reflect the fact that the presence of two factors together may elevate risk more than the sum of their individual effects but not to the degree expected by the product of their individual effects [35] . The relative excess risk due to interaction (RERI) is an additive interaction index quantifying additional risks due to simultaneous oneunit increases in two continuous predictors. It is equal to the difference between the increase in RRRs observed for simultaneous one-unit increments in both factors and the increase that would be expected from their sum if they did not interact [34] .
An example may help clarify. If the observed effect of one-unit increases in the two risk factors is an RRR of 1.8 (i.e., an 80% increase risk), but the expected effect of oneunit increases under additive independence is 1.7, the RERI is .10, indicating an additional 10% increase in risk due to additive interaction. Additive interaction point estimates, standard errors, p values, and 95% CIs were estimated by bootstrapping [34] , and p values were subjected to the FDR. Analyses were conducted in Stata 10, Special Edition (Stata Corporation, College Station, TX). Table 1 presents descriptive statistics for the overall sample as stratified into never (n=735), current (n=999), and former smokers (n=695). Table 2 shows the correlations among the variables. Education was modestly correlated with parental SEI (.36) and assets (.29) . Correlations between SES indicators and personality traits were .10 and less, although Openness showed modest correlations with education (.31) and parental SEI (.14). Table 3 shows RRRs for lifetime abstinence vs. current smoking from multinomial logit models. Model 1 revealed that higher parental SEI was associated with greater likelihood of never smoking, but adjustment for education in model 2 rendered this effect non-significant. Higher education was significantly associated with never smoking, such that an increase of one educational milestone increased the RR of never vs. ever smoking by 31%. This effect was robust, remaining virtually unchanged when adjusting for household income and wealth in model 3 and personality in model 4. Greater wealth was also associated with never smoking after adjustment for personality, although household income was not. Finally, a 1-SD increase in Openness-or the equivalent of moving from the 50th to the 84th percentile on this trait-reduced the RR of never smoking by 22%. A 1-SD increase in Conscientiousness increased the RR of never smoking by 20%. Black race/ethnicity was also associated with greater likelihood of lifetime abstinence. Table 4 presents factors associated with RR of the second multinomial outcome, former vs. current smoking. An initially strong association between higher parental SEI and former smoking was again diminished by education (although parental SEI remained significant in the final model). Each additional level of education increased the RR of successful lifetime cessation by 20%, an effect undiminished by finances or personality, and greater wealth was again associated with cessation even after adjustment for personality. A 1-SD increase in Neuroticism increased the RR of successful cessation by 20%. Greater age was also associated with higher likelihood of successful cessation. Figure 1a -e present the probability of each smoking outcome according to levels of education, wealth, Neuroticism, Openness, and Conscientiousness.
Results
Effect modification analyses revealed no multiplicative interactions between education and personality traits for either never smoking or former smoking, and no additive interactions reached significance for former smoking. Two small additive interactions were observed for never smoking. The combined effect of a 1-SD increase in Conscientiousness and one-level increase in education was slightly greater than expected under additive independence (RERI [95% CI]=.06 [.01-.12], p=.003). Similarly, the combined effect of conjoint decreases of 1 SD in Openness and increases of one unit of education was greater than expected under additive independence (RERI [95% CI] = .07 [.01-.13]), p=.019). Table 5 presents the adjusted RRRs for additive interactions of average (i.e., z-score=0) vs. low (z-score=−1) Openness and high school vs. 1-2 years beyond high school education (i.e., a one-unit increase on the education scale), as well as for education and average vs. high (z-score=1) Conscientiousness.
Conclusions
Based on three theoretical models, we examined whether educational gradients in lifetime abstinence and cessation from smoking were confounded by financial status or personality traits and whether the latter interacted with education in relation to smoking patterns. People with some modest support for a vulnerability model as well, in which lower Conscientiousness and higher in Openness may slightly amplify smoking risk associated with lower education. Our results extend well-documented findings on educational gradients in smoking patterns in three ways. First, many population-based surveys demonstrate educational gradients in smoking without concomitant adjustment for income and wealth. Our findings suggest that, while greater wealth is also associated with both never smoking and successfully quitting, education confers additional advantage. In contrast to wealth, which may decrease as a result of direct and indirect smoking costs, the direction of influence is clearer for education. Education may confer non-financial advantages for initially abstaining from, as well as stopping smoking. Education enhances cognitive resources, quality of decision making, access to health information, and improves health literacy [36] . Education may also bring access to peer groups or social contexts where smoking is less normative. In such contexts, efforts to quit may be strongly supported and temptations to begin fewer. Finally, education also substantially diminished the associations of higher parental occupational status with both never and former smoking. These findings suggest that education may also be an important intermediary link in a life-course risk chain [37] between childhood social disadvantage and adult smoking patterns, consistent with findings of naturalistic experiments that indicate the provision of additional education reduces later smoking risk [38, 39] . A second important finding was that educational gradients in smoking cannot be explained by personality traits, which often remain unmeasured in epidemiologic studies. The present results rule out confounding by personality and also suggest that two traits are associated with never smoking while a third is associated with successful cessation of smoking. Importantly, the interface of personality and SES, in this case, suggests that psychological and socioeconomic correlates of smoking are independent. The implication is that, after differences in smoking between socioeconomic strata have been accounted for, individuals' personalities explain some of the remaining heterogeneity in smoking among persons of similar SES. The tendency to smoke may be offset by higher Conscientiousness and lower Openness. Buffers against smoking provided by social advantage may be obliterated by deficits in Conscientiousness and surfeits of Openness to Experience.
With respect to specific traits, the link between greater Conscientiousness and never smoking is consistent with prior work [11, 12] and probably reflects generally better health behavior [40] and more conservative health risk evaluation [41] [42] [43] than persons lower in Conscientiousness. Although some prior reports have found no association between Openness and smoking [16] , others have found that lower Openness is predictive of abstinence after smoking cessation treatment [15] . We observed strong associations between lower Openness and greater likelihood of never initiating smoking, a finding that is consistent with the tendency of people lower in Openness to refrain from behavioral experimentation [44] , including the smoking of non-nicotinic substances such as marijuana [45] .
Neuroticism increased rather than decreased the likelihood of having quit smoking relative to current smoking. This is different than prior reports in much older samples that levels of Neuroticism in former smokers are lower than in current smokers [11] . However, it is consistent with the notion that Neuroticism can have health-protective effects by increasing health vigilance and worry [46] , resulting in adaptive health behavior change. Within the limits of cross-sectional data, this interpretation seems particularly possible given that the Neuroticism scale used in MIDUS was heavily loaded with items indicating apprehension. It is also consistent with the results of a recent intervention trial [47] which found that the effectiveness of health messages encouraging smoking cessation was largely mediated by anxiety over potential health problems. Persons higher in Neuroticism are more vigilant as well to threats [48] , and individual differences in the perceptions of the need for health-protective action are tied to the extent people perceive negative outcomes as both probable and severe [49] .
The third finding was that education appears to interact additively to a small degree with both Openness and Conscientiousness in differentiating never smokers from current smokers. This provides minor support for a vulnerability model: persons lower Conscientiousness and higher Openness represent a group more susceptible to the risk of smoking initiation associated with less education. This makes intuitive sense in that persons lacking in Conscientiousness and higher in Openness combine poor self-restraint with exploratory attitudes toward behavior, including possibly dangerous behavior. Modification of SES risk by personality traits may also represent a distal or attenuated manifestation of gene-environment interaction [17] , in the form of synergy between phenotypic and social-environmental risk.
With respect to other findings, greater wealth distinguished both never smokers and those who had quit smoking from current smokers, reflecting the possibility that wealth confers entrée in social circles where smoking is less prevalent and/or tolerated. The findings may also be explained, in part, by the economic advantages of abstain- ing from or quitting smoking. Individuals who are older are probably more likely to have quit because they have had more time to. African American race/ethnicity was also robustly associated with never smoking, and while the sample precluded definitive analyses of racial/ethnic differences, this finding is consistent with prior research documenting lower rates of smoking initiation among African Americans. The reasons for this deserve further investigation.
Implications from a public health perspective suggest, first, that personality should be taken into account in intervention programs and public health messages. Media health promotion efforts might pair images of lung damage or cancer risk with individuals depicted as having a reckless, undisciplined (low Conscientiousness), and overly experimental (high Openness) approach to life. This would stand in contrast to typical marketing strategies used by the manufacturers, which pair the act of smoking with manifestations of socially attractive qualities often associated with these traits: bold spontaneity (rather than caution), self-indulgence (rather than self-discipline), and an adventuresome, "live for today" attitude (rather than prudent abstention from dangerous behavioral experimentation).
In clinical health care contexts where time and resources are limited, findings suggest that it is not just the less educated but the less educated and less worried who are most in need of available cessation resources. Indeed, if anxiety functions as an important mediator of smoking cessation, intervention efforts engendering appropriate anxiety over the negative health consequences of smoking would appear warranted. At the level of universal prevention, our findings also support a need for the enhancement of educational opportunities and attendant health literacy. However, targeted interventions could be offered to high-risk demographic groups, and tailored interventions might profitably incorporate personality information.
Finally, findings have implications for health policy debates over individual vs. social responsibility for health destructive behavior [50] [51] [52] . Our results suggest that, while smoking is strongly related to social inequalities in the distribution of resources, it is also a function of personal propensities. This supports an approach to health policy holding both individuals and society responsible for smoking behavior. An example of this is the liberal egalitarian policy model, which penalizes individuals for poor health behavior through taxing the behavior (i.e., purchasing cigarettes). However, the model preserves social responsibility by seeking to equalize rather than differentially allocate care for health conditions on the basis of individual responsibility for creating such conditions [53] .
Findings must be interpreted within the context of study strengths and limitations. Because the data were crosssectional, we lacked the ability to assess temporal relationships between variables or ascertain causal sequences. For instance, we were unable to assess the role of childhood personality traits in adult smoking. Longitudinal follow-up work will be critical in refining causal inferences. Another important caveat of cross-sectional analyses is that, while childhood SES refers to a period earlier in time than adult personality, both were measured simultaneously. Thus, mediation and confounding are impossible to disentangle in this situation, as they are statistically identical [54] . We also cannot exclude the possibility that unmeasured confounders, such as cognitive ability, account for some of the effects of education or personality. However, natural experimental findings imply that induced increases in years of education are associated with higher rates of cessation regardless of cognitive ability [38, 39] . The personality scales involved small numbers of items, underscoring differences in measures designed for epidemiologic surveys vs. clinical assessments [55] . Brief scales may contain more error variance, masking associations, increasing type 2 error rates, and underscoring the need to address measurement error analytically. Last, classification of lifetime abstinence, cessation, or current smoking may have been affected by reporting or recall biases [56] , although the confidential nature of the survey was designed to reduce the first and the use of a relatively open-ended time period (i.e., "did you ever" smoke regularly) designed to reduce the second. Prior findings also indicate non-differential misclassification of smoking status with respect to SES [57] . Additionally, we were unable to differentiate a modest history of experimentation with smoking from more prolonged and consistent former smoking, and each may be differentially linked to traits and SES factors.
Strengths of the study were the conjoint estimation of SES and personality effects, comprehensive and nonarbitrary coverage of personality traits and SES indicators, examination of different theoretical models for the personality-SES-health interface, use of a national sample with coverage of the majority of the adult life course, and methodological efforts to investigate both additive and multiplicative interactions while balancing types I and II errors. In daily life, both individual personality traits and socioeconomic forces work in tandem to influence health outcomes. Our results suggest both sets of factors play important roles in smoking behavior. Future work is needed to understand how these two powerful sources of influence work in conjunction to influence other health outcomes.
